ABSTRACT. A 3.9-year-old female African pygmy hedgehog (Atelerix albiventris) had a firm, tan-colored mass with an uneven surface arising from the mandibular salivary gland. A histopathologic examination revealed that the mass was composed of neoplastic proliferation of epithelial and spindle cells. The neoplastic spindle cells showed positive for vimentin, smooth muscle actin, calponin and cytokeratin 14 and, negative for cytokeratin 19, suggesting that spindle cells were derived from myoepithelial cells. Based on the histological findings and immunohistochemistry results, the mass was diagnosed as pleomorphic adenoma. Pleomorphic adenoma is the most common benign tumor found in human salivary glands, but it is rare in animals. To the best of our knowledge, this is the first report of pleomorphic adenoma in hedgehogs.
The African pygmy hedgehog (Atelerix albiventris) is a popular pet in many countries, and the interest in disease in this species is increasing. According to 3 retrospective studies on disease of African pygmy hedgehog, neoplasm is common, with tumor incidence rates of 53, 36 and 29%, respectively, and is known to be the main cause of death [4, 12, 13] . The average lifespan of captive African pygmy hedgehogs is 4 to 6 years, and the average age of individuals with tumors is 3.5 to 3.9 years, indicating that tumors mainly occur in adults [4, 11, 12, 17] . About 85% of hedgehog tumors are known as malignant, and most have a poor prognosis [3] . It has been reported that tumors occur at various anatomical locations, and among them, oral squamous cell carcinoma, soft tissue sarcoma, lymphoma (including alimentary form) and mammary gland adenocarcinoma are the most common [4, 12, 17] . On the other hand, 2 cases of salivary carcinoma, 1 case of mucoepidermoid carcinoma and 1 case of salivary adenoma have been reported as a tumor derived from hedgehog salivary glands [4, 10, 17] .
Salivary gland tumors can show a wide variety of histologic features and are classified into various subtypes according to histologic morphology. In humans, the clinicopathological behavior and prognosis of each subtype have been studied, but they are not well known in animals [9] . Salivary gland tumors are uncommon in animals. Most of the reported cases are from dogs and cats, and reports from other animals are rare [2, 9] . Approximately 80% of human salivary gland tumors were benign, whereas 80% and 90% of salivary gland tumors in dogs and cats were malignant [9, 15] . In the hedgehog, 3 cases of salivary gland tumors of 4 cases reported so far were also malignant. This study reports on benign tumor arising from the salivary gland of the hedgehog.
A 470 g, 3.9-year-old, female African pygmy hedgehog presented a solitary mass in the left mandibular region. The hedgehog did not show any specific clinical symptoms, including clinical symptoms associated with the mass such as pain and heat. The mass was surgically excised for histopathology 8 days after the mass was first noticed by the owner. During the 8-day period, the mandibular mass was not rapidly enlarged and hedgehogs did not show additional clinical symptoms. The mass, measuring 3 × 2 × 2 cm, was firm and tan-colored with an uneven surface (Fig. 1) . It was fixed in 10% neutral formalin, processed routinely, embedded in paraffin wax, cut 3 µm thick and stained with hematoxylin and eosin (HE). All sections were visualized as 3,3′-diaminobenzidine (DAB) solution and then counterstained with Mayer's hematoxylin.
Microscopically, the mass was encapsulated in a thin fibrous connective tissue, and normal salivary glands, ducts and adipose tissue were present in a part of around the mass. However, neoplastic cells were present near the surgical margin. The proliferation of cuboidal or columnar neoplastic epithelial cells and plump and spindle-shaped neoplastic cells was coexisted in the mass ( Fig. 2A) . Neoplastic epithelial cells formed similarly sized ducts, which is surrounded by spindleshaped tumor cells showing irregular or streaming growth pattern (Fig. 2B ). Duct-forming tumor cells had a moderate amount of eosinophilic cytoplasm and a round nucleus. Spindle-shaped tumor cells had a few or moderate amount of eosinophilic cytoplasm, and a few cells had clear cytoplasm. The nucleus of these cells was fusiform or elliptical. Both types of tumor cells showed mild pleomorphism and no invasiveness. There were 5 mitotic figures per 10 highpower fields. Inflammatory cells such as lymphocytes were infiltrated throughout the mass. Stromal components such as myxoid and chondroid were not clearly observed in the mass. Compared with positive control, Alcian Blue positive matrices were also rarely seen in the mass (Fig. 3) . We presumed that spindle-shaped tumor cells might be derived from myoepithelial cells, so we performed IHC for markers that could show positive reactivity in myoepithelium. In order to confirm the accurate IHC results, we used a complex type of mammary gland adenoma tissue of a dog containing myoepithelial cell proliferation as a positive control for IHC. As a negative control, we used sections with only the primary antibody treatment omitted, and horseradish peroxidase-conjugated anti-rabbit IgG and anti-mouse IgG were used as secondary antibodies, respectively. As a result, spindle-shaped tumor cells displayed moderate to intense positivity to SMA (Fig. 4A) , calponin ( Fig. 4B) and CK14 (Fig. 4C ) in their cytoplasm. Specifically, these markers were strongly expressed in the outer layer of the ducts in which myoepithelial cells are normally located. Vimentin was detected only in spindle-shaped tumor cells (Fig.  4D) , while, immunoreactivity to CK19 was negative in spindle-shaped tumor cells but strongly positive only in luminal epithelial cells (Fig. 4E) . In the positive control, myoepithelial cells were positive for SMA, calponin, CK 14, vimentin and negative for CK 19. This was consistent with the immunohistochemical characteristics of spindle-shaped tumor cells observed in our case. On the other hand, no specific signals were observed in the negative control. These immunophenotypes indicated that the spindle-shaped tumor cells were derived from myoepithelial cells. Based on histological findings and IHC results, the mass was diagnosed as pleomorphic adenoma.
Pleomorphic adenoma is a benign primary tumor in salivary glands. The origin of the term "pleomorphic" comes from various histologic features in which tumors are formed by mixing proliferation of luminal epithelial and myoepithelial cells with stroma in various aspects [2] . Therefore, this tumor has been also called "mixed tumor". In order to diagnose pleomorphic adenoma, it is necessary to confirm whether tumor cells are derived from myoepithelial cell through IHC. In general, myoepithelial cells have been reported to be positive for IHC for various markers including SMA, calponin, CK14, p63, and vimentin [1] . In particular, myoepithelial cells are able to express high molecular weight cytokeratins (CK5, CK6, CK7, CK14) [1] , which can be used to differentiate other spindle-shaped cells, such as smooth muscle cells and myofibroblasts. Therefore, we performed IHC for CK14. Considering the results of IHC for vimentin, SMA, calponin, and CK14, we found that spindle-shaped tumor cells were derived from myoepithelial cells.
Pleomorphic adenoma is rarely reported in animals [2] . The occurrence of pleomorphic adenomas in salivary glands or oral cavity was not reported in a recent study of diseases in African pygmy hedgehogs [10] . To the best of our knowledge, this paper is the first description of pleomorphic adenoma in hedgehogs. On the other hand, pleomorphic adenoma is the most common tumor in human salivary glands [8] . Thus, histologic subtypes and prognostic factors have been studied only in human cases [8, 19] . In pleomorphic adenoma, epithelial cells may show ductal, basaloid or squamous growth patterns, and myoepithelial cells may show various forms such as spindle, stellate, polygonal, round and plasmacytoid shapes [7, 8] . In addition, various stromal components such as fibrous, myxoid, chondroid, and hyaline can coexist around the tumor cells resulting in pleomorphic adenoma having a wide variety of histological features [8] . Pleomorphic adenoma can be classified histologically as classic type in which the epithelial and myoepithelial cell and stroma are balanced, cellular (cell-rich) type, and stroma-rich type, depending on the proportions of the tumor cell population and the amount of stroma [5] . According to the classification, this case corresponds to the cellular type because most of the mass consisted of proliferation of tumor cells and stromal components were rarely observed in Alcian Blue stain. However, these histologic types do not seem to be closely related to prognosis [8] . The prognosis for pleomorphic adenoma is highly correlated with progression to malignant tumor and complete resection. Pleomorphic adenoma generally develops slowly and expansively, but it can exhibit invasive growth into a capsule surrounding the tumor. Pleomorphic adenoma with malignant transformation are called "carcinoma ex pleomorphic adenoma", which can be observed mainly in ductal-type adenocarcinoma and myoepithelial carcinoma [6] . The incidence of pleomorphic adenoma with malignant transformation in humans is known to be approximately 5%, whereas in animals, 2 cases have been reported in the mandibular salivary glands of each dog and cat [9, 14, 18] . The extent of malignant transformation in the pleomorphic adenoma may be variable, so it is important to examine the different parts of the tumor histologically. In this case, histologic examination was performed on 8 different sites in the tumor and there were no suspicious histologic findings for malignant transformation, such as capsular invasion or high mitotic rate.
The prognosis for pleomorphic adenoma is generally favorable after complete resection but has been reported to recur up to 45% in humans [8, 16, 19] . The cause of recurrence is presumed to be the limitations of complete resection due to the capsular characteristics of this tumor, including incomplete capsule, capsule penetration, pseudopodium and satellite nodules [19] . Therefore, careful resection which includes the normal tissue around the tumor is necessary.
In this case, it seems that complete surgical resection was not performed considering the neoplastic cells present near the surgical margin on the microscope. However, on a follow-up study, no recurrence was noted since surgical removal for 14 months. 
